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as.2012.1Abstract The cyanogenic glycoside (linamarin) in rubber seed oil (RSO) extracted using different
solvents such as hexane (RSOh), a mixture of chloroform and methanol (RSOchl+mth) and ethanol
(RSOeth) was also studied. Colorimetric method was carried out to determine the presence of such
compounds. Toxicological test using rats was also conducted to further conﬁrm the absence of such
compounds. The determination of cyanide by using colorimetric method was demonstrated by no
response of the cyanide in RSO and did not show any color comparing with commercial cyanide
which observed a blue color. Rubber seed oil did not show any toxic potential to the rats. This
can be attributed to the absence of hazardous linamarin in RSO.
ª 2012 University of Bahrain. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
A rubber seed is an important product of the rubber tree
(Hevea brasiliensis). The rubber tree is a perennial plantation
crop, indigenous to South America and cultivated as an indus-
trial crop since its introduction to Southeast Asia around 1876
(Abdullah and Salimon, 2009). The rubber tree constituent is
rubber seed (Abdullah and Salimon, 2009) and latex (Alenius
et al., 1995). Fresh seed contains 65% kernel and 35% shell
(Joseph et al., 2004). Rubber seeds yield from rubber planta-ent of Chemistry, College of
ghdad, Iraq. Tel.: +964
l.com (E. Yousif).
niversity of Bahrain.
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1.004tions varies from 100 to 150 kg/ha, depending on soil fertility,
crop density (Nwokolo and Smat, 1996), type of planting
material, weather conditions, and severity of odium attack
during ﬂowering (Chin et al., 1977). Among the ancillary re-
sources obtained from rubber plantations (wood, and seeds),
seed has the greatest potential use (Joseph et al., 2003). Rubber
seeds are not currently in use and they are found abundantly
and wasted (Achinewhu and Akpapunam, 1985), but there
are a few uses for the rubber seed, as planting material, oil pro-
duction, and seed cake which could be used as feed or manure
(Chin et al., 1977).
Rubber seed oil (RSO) is a yellow, semi-drying oil (Joseph
et al., 2004). The oil does not contain any unusual fatty acids,
and its rich source of essential fatty acids C18:2 and C18:3 make
up 52% of its total fatty acid composition (Ghandhi et al.,
1990).
However many studies that had been carried out in the rub-
ber seed ﬁeld indicated that the production of the RSO is fac-
ing various vital challenges and one of these challenges is the
toxin, which can lead to problems. It is well-known, thatier B.V. All rights reserved.
OH
OH
O
H
H
OHH
OH
CH2OH
H
C
C
CH3
CH3
N
Figure 1 Molecular formula of linamarin.
84 B.M. Abdullah et al.concentration of poisons may always be found in the seeds of
all types of plants such as Jatropha curcas whose seed contains
the phorbol ester compound (Ahmed and Salimon, 2009). One
of these plants that have toxic elements is the seed of the
rubber plant (Duke and Ducellier, 1993).
We present the case of the rubber plant whose seeds
contain a cyanogenic glycoside called linamarin (Butler,
1965; Lieberei et al., 1986). The molecular formula of
linamarin is (C10H17NO6) shown in Fig. 1. The IUPAC name
of linamarin is Alpha-hydroxyisobutyonitrile-beta-D-glucopy-
ranoside. The other name of linamarin is Phaseolunatin
(Wikipedia 2007). Linamarin has been demonstrated to protect
the plant from the herbivore by animals and generalized insect
feeders (Siritunga and Sayre, 2004).
2. Materials and methods
2.1. Seed material and oil extraction
Fresh rubber seeds were collected from (RRI) Sungai Buloh.
The rubber seeds were milled using a grinder (Okafor andAny-
anwa, 2006). The seeds were kept in the refrigerator. RSO was
extracted from 500 g rubber seeds by a soxhlet extractor using
different solvents such as hexane (RSOh), chloroform + meth-
anol (RSOch+mth) and ethanol (RSOeth) in the same extracting
conditions at 60C for 6 h.
2.2. Colorimetric method
2.2.1. Samples extraction and hydrolysis of HCN in sample
The samples of linamarin were extracted from three different
RSO (100 g) by using water (20 mL) as a solvent in a separat-
ing funnel. After shaking the mixture gently, the mixture was
left a few minutes to get two phases the oil phase, and the
water phase. The oil phase was removed and the water phase
was kept in the fridge. To conserve cyanide, the samples were
supplemented with (4 mL) 10 M NaOH. The sample was dis-
tilled without further pretreatment. HCN was recovered in
the presence of (10 mL) zinc acetate buffer pH 4.5. The
remaining cyanide was subsequently recovered by distillation
after the addition (5 mL) of MgCl2 and (5 mL) sulfamic acid
plus (5 mL) 50% H2SO4; the latter added to obtain pH 1–2
for converting to HCN during distillation (ASTM, 1998).
After 3 min, 45 mL 50% H2SO4 was added and the solution
boiled under reﬂux for 90 min (Bjarnholt et al., 2008; Miller
et al., 2006; Dzombak et al., 2006). The released HCN was
determined using a colorimetric method.
2.2.2. Determination of CN
The detection of small amounts of cyanide, colorimetric meth-
od based on the ko¨nig reaction was proposed by Mak et al.(2005). This method involves the oxidation of cyanide to cyan-
ogens chloride with chloramines T. Cyanogen chloride was
then reacted with pyridine to form N-cyanopyridinium chlo-
ride (ko¨nig reaction). N-cyanopyridinium chloride was then re-
acted with barbituric acid to produce blue color was measured
at 578 nm (Mak et al., 2005; Nambisan and Sundaresan, 1984).
This method was preferable for cyanide at 3.8 · 105 M. The
same conditions were used to determine the (CBN) in sodium
cyanide (NaCN) which was used as a standard to compare it
with HCN which was hydrolyzed from rubber seed and rubber
seed oil samples.2.3. Rats toxicological test
Male white rats (Rumah Haiwan Laboratories, Universiti
Kebangsan Malaysia) weighing between 284 g were used and
have been carried by Nwokolo et al., (1988). The male white
rats were individually housed in stainless steel cages in a room
with controlled temperature (30–35 C) and lighting (alterna-
tive 12 h periods of light and darkness). The male white rats
were fed for 3 months. The mortality, color, and the behavior
of the male white rats were recoded daily but the food con-
sumption was recorded every two weeks. The food consump-
tion, food efﬁciency, body waist measurement and body tall
measurement were also determined. Two experiments were
conducted to determine the toxicological response of rats fed
rubber seed oil. In experiment 1, rats were fed rubber seed
oil that has been extracted by using hexane. In experiment 2,
rats were fed rubber seed oil that has been extracted by using
chloroform + methanol. The rubber seed oil was stored at 4C
for the feeding of rats. The toxicological evaluation of the rub-
ber seed oil extracting by using two different solvents was car-
ried out in male white rats by performing an acute oral toxicity
limit test to assess its acute toxicity potential. The rats fed RSO
were compared with rats fed with normal food.3. Results and discussion
Three rubber seed oils were studied for cyanide determination.
Commercial cyanide was used as a standard and was compared
with the rubber seed oil which was extracted using different sol-
vents such as hexane (RSOh), chloroform + methanol
(RSOch+mth) and ethanol (RSOeth) in the same extracting
condition.
The determination of cyanide demonstrated no response of
the cyanide in rubber seed oil and did not show any colored
comparing with commercial cyanide which observed a blue
color. The commercial cyanide showed high response at
578 nm which is reported at Mak et al., (2005). The colorimet-
ric method based on ko¨nig reaction showed no response for
the detection of cyanide in rubber seed oil.
Toxicological evaluation of the RSO was carried out in
white male rats by performing an acute toxicity limit test to as-
sess its acute toxicity potential in 3 months feeding study.
Three different types of rubber seed oil were extracted by using
different solvents such as hexane (RSOh), chloroform + meth-
anol (RSOch+mth) and ethanol (RSOeth) in the same extracting
conditions. Table 1 shows the mortality, color and the behav-
ior of male white rats. The results of the current study are in
agreement with the above calorimetric method analysis. No
Table 1 Shows the mortality, color, and the behavior of the male white rats.
Activity Blank/control RSOh
a RSOch+mth
b RSOeth
c
Color White No changes No changes No changes
Behavior Normal No changes No changes No changes
Mortality No No No No
a RSO was extracted using hexane as the solvent.
b RSO was extracted using mixture of chloroform and methanol as the solvent.
c RSO extracted using ethanol as the solvent.
Table 2 Shows the food consumption, body weight gain, food efﬁciency, body waist measurement and body tall measurement.
Activity RSOh RSOch+mth RSOeth Blank/Control
Initial body weight (g) 248 248 248 248
Final body weight (g) 518 517 515 516
Body weight gain (g) 270 269 267 278
Food consumption (g) 1800 1792 1783 1789
Food eﬃciency ratio 0.13 0.13 0.12 0.15
(weight gain/food intake)
Initial body waist (cm) 14.5 14.5 14.5 14.5
Final body waist (cm) 20.5 20.5 20.3 20.2
Body weight gain (cm) 6.0 6.0 5.8 5.7
Initial body tall (cm) 23 23 23 23
Final body tall (cm) 24.5 24.2 24.2 24.3
Body tall gain (cm) 1.5 1.2 1.2 1.3
Condition* Normal Normal Normal Normal
Notes: Condition was assessed by visual appearance.
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Figure 2 Body weight gain of rats fed RSO and the blank
control.
Occurrence of cyanogenic glycoside and cyanide in the Malaysian rubber seed oil 85acute toxic potential was observed with RSO. Male white rats
did not display any behavioral changes and there was no mor-
tality in any of the groups during the 3 months feeding study.
The color of the male white rats did not appear to show any
changes during the 3 month feeding study.
The RSOh, RSOch+mth and RSOeth had no adverse effect on
food consumption. A similar increase in the average daily gain of
rats fed RSOh, RSOch+mth and RSOeth was also observed; how-
ever, the differences between the 3 white male rats was not statis-
tically signiﬁcant. The 3 male rats showed no signiﬁcant
difference in body weight gain, food efﬁciency, body waist mea-
surement and body tall measurement. The growth rate of 3 white
male rats is shown in Table 2 and Fig. 2. These results would
indicate thatRSOh, RSOch+mth andRSOeth had no toxic or anti-
palatability effects (Gandhi et al. 1990 & Nwokolo et al., 1988).
4. Conclusion
The current study has shown that RSO could be considered for
edible use. These initial results indicate that the use of RSO asan edible oil will not be restricted by toxic factors. The results
showed that RSO which has been collected from (RRI) Sungai
Buloh, Malaysia do not possess cyanogenic glycosides com-
pared to other Malaysian rubber seed oils.Acknowledgements
We would like to thank the Universiti Kebangsaan Malaysia
(UKM-OUP-NBT-27-145/2011) and the Ministry of Science,
Technology and Innovation (MOSTI) (05-01-02-SF0199) for
funding the project. We also thankthe Department of Chemis-
try, College of Science, Al-Nahrain University
References
Abdullah, B.M., Salimon, J., 2009. Physicochemical characteristics of
Malaysian rubber (Hevea brasiliensis) seed oil. European Journal of
Scientiﬁc Research 31, 437–445.
Achinewhu, S.C., Akpapunam, M.A., 1985. Physical and chemical
characteristics of reﬁned vegetable oils from rubber seed (hevea
brasiliensis) and bread-fruit (Artocarpus altilis), Qual plant foods
Hum. Nutrition 35, 103–107.
Ahmed, W.A., Salimon, J., 2009. Phorbol ester as toxic constituents of
tropical Jatropha curcas seed oil. European Journal of Scientiﬁc
Research 31, 429–436.
Alenius, H., Kalkkinen, N., Lukka, M., Reunala, T., Turjanmaa, K.,
Ma¨kinen-Kiljunen, S., Yip, E., Palosuo, T., 1995. Prohevein from
the rubber tree (Hevea brasiliensis) is a major latex allergen. Clinical
and Experimental Allergy 25, 659–665.
Bjarnholt, N., Laegdsmand, M., Hansen, H.C.B., Jacobsen, O.H.,
Mollar, B.L., 2008. Leaching of cyanogenic glycosides and cyanide
from white clover green manure. Chemosphere 72, 897–904.
Butler, G.W., 1965. The distribution of the cyanoglucosides linamarin
and lotaustralin in higher plants. Phytochemistry 4, 127–131.
86 B.M. Abdullah et al.Chin, H.f. Enoch, I.C., Raja harun, R.M. 1977. Seed Technology in
the tropics. Faculty of agriculture, Universiti Pertanian Malaysia,
ART printing works SDN.BHD. Kuala Lumpur, Malaysia.
Duke, J.A., Ducellier, J.L., 1993. CRC Hand Book of Alternative
Cash Crops. CRC Press, United States of America.
Dzombak, D.A., Ghosh, R.S., Wong-chong, G.M., 2006. Cyanide in
Water and Soil: Chemistry, Risk, and Management. CRC Press,
United States of America.
Ghandhi, V.M., Cherian, K.M., Mulky, M.J., 1990. Nutritional and
toxicological evaluation of rubber seed oil. Journal of the American
Oil Chemists Society 67, 883–886.
Joseph,R.,Alex, R., Vinod,V.S., Premalatha,C.K.,Kuriakose, B., 2003.
Studies on epoxidized rubber seed oil as plasticizer for acrylonitrile
butadiene rubber. Journal of Applied Polymer Science 89, 668–673.
Joseph, R., Madhusoodhanan, K.N., Alex, R., Varghese, S., George,
K.E., Kuriakose, B., 2004. Studies on epoxidised rubber seed oil as
secondary plasticizer/stabilizer for polyvinyl chloride. Plastics,
Rubber and Composites 33, 217–222.
Lieberei, R., Nahrstedt, A., Selmar, D., Gasparotto, L., 1986.
Occurrence of lotaustralin in the genus hevea and changes of
HCN-potential in developing organs of Hevea brasiliensis. Phyto-
chemistry, 1573–1578.Mak, K.K.W., Yanase, H., Renneberg, R., 2005. Cyanide ﬁshing and
cyanide detection in Coral reef ﬁshing using chemical tests
biosensors. Biosensors and Bioelectronics 20, 2581–2593.
Miller, R.E., Jensen, R., Woodrow, I.E., 2006. Frequency cyanogen-
esis in tropical rain forests of far North Queens land, Australia.
Annals of Botany 97, 1017–1044.
Nambisan, B., Sundaresan, S., 1984. Spectrophotometric determina-
tion of cyanoglucosides in cassava. Journal of the Association of
Ofﬁcial Analytical Chemists. 67, 641–643.
Nwokolo, E., Smat, J., 1996. Food and Feed from Legumes and Oil
Seed. Britain & Hall.
Nwokolo, E., Kitts, D.D., Kanhai, J., 1988. Serum and liver lipids of
rats fed rubber seed oil. Plant Foods for Human Nutrition 38, 145–
153.
Okafor, P.N., Anyanwa, N.O., 2006. Ezymatic and oven - drying
method of processing rubber seeds for animal feed and the
evaluation of the toxicity of such feed in rats. Journal of Animal
and Veterinary Advances 5, 45–84.
Siritunga, D., Sayre, R., 2004. Engineering cyanogens synthesis and
turnover in cassava (Manihot esculenta). Plant Molecular Biology
56, 661–669.
